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ABSTRACT 

The Southeastern Alaska pink salmon forecast  i s  based on the 
relationship between pre-emergent fry abundance,  a i r  temperature and 
subsequent adult  returns. In 1975 the northern Southeastern pink sal -  
mon return is expected to be 4 . 8  million with a possible range of 1 . 6  
to  8 . 0  million. An extremely weak return of a bout 2 .1 million with a 
possible upper range of 4.1 million is expected for southern Southeast- 
ern .  Forecasts by dis t r ic t  and time segment indicate considerable vari- 
ation in run strength. In some areas  runs are  expected t o  be s o  weak 
that  even without f ishing,  i t  i s  unlikely that  escapement goals can  be 
achieved.  In southern Southeastern the harvest will have to be restricted 
even if the return is in  the upper range of the forecast .  A harvest i n  
e x c e s s  of 300,000 pinks is very unlikely. The point est imate of the har- 
ves t  in northern Southeastern i s  1 .3  million, however, the ca tch  should 
be within the range of 0 to  4 .0  million. 



FORECAST OF THE 1975 PINK SALMON RETURNS TO SOUTHEASTERN ALASKA 

INTRODUCTION 

The Southeastern Alaska pink salmon forecast program was initiated in 
1963. This report i s  the tenth in a se r ies  concerning these studies (Noerenberg , 
e t .a l .  1962; Hoffman, 1965, 1966; Smedley and Seibel,  1967; Smedley , e t .  a l .  
1968; Valentine, e t .  a l .  1970; Duriey and Seibel ,  1972; Durley, 1973a and 
1973b) . The purpose of this report i s  to  present the 1975 Southeastern Alaska 
pink salmon forecast ,  analyze the succes s  of the 1974 forecast and provide a 
reference source for data needed for future s tudies .  

The primary objectives of the Southeastern Alaska pink salmon forecast 
program are:  (1) to accurately predict the strength of the return by timing seg- 
ment and by management dis t r ic ts  and (2) t o  determine the optimum escapement 
or carrying capacity of the salmon streams in Southeastern. Expected harvest 
l eve ls  can be estimated by subtracting escapement goals  from predicted returns. 

Annual pink salmon forecasts are of importance to  the fishing industry, 
both fishermen and processors ,  for operational planning, and to fishery man- 
agers  for regulatory decision making. Forecast information contained in this  
report was presented a t  the December 1974 meeting of the Alaska Board of Fish 
and Game and was published in  summary form in January 1975 (ADF&G Informa- 
tional Leaflet No. l 67) . 

GEOGRAPHICAL AREA OF STUDY 

'The major pink salmon producing area of Southeastern Alaska is that 
part between Cape Fairweather and Dixon Entrance. This area i s  divided into 
16 commercial fishing regulatory dis t r ic ts  a n d ,  for the purpose of pink salmon 
forecasting,  into southern and northern units (Figure 1) .  

Various tagging studies have indicated a general north-south separation 
of in-migrant salmon. Those destined for northern Southeastern streams enter 
the inside waters through Icy and Chatham Straits .  Those bound for southern 
streams enter via Sumner Strait and Dixon Entrance. Tagging experiments a t  
inside locations conducted from 1924 to 1948 have shown that  there was almost 
no intermingling of northern and southern pink salmon s tocks in the coastal  
fishing grounds (Bureau of Commercial Fisheries research s taff ,  1959) . This 
broad separation of Southeastern Alaska pink salmon stocks enables the calcu- 
lation of two separate forecasts.  
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DEFINITIONS 

Because of the terms return and escapement frequently occur through- 
out this  report, i t  is important to  briefly explain the terms a s  they are  used 
i n  management of the s tocks.  Returns are  more precisely return ind ices ,  for 
they represent the sum of commercial catches  and escapement indices rather 
than es t imates  of total escapements.  The term escapement i s  used a s  an 
abbreviation for 'escapement index' .  Since i t  i s  not possible to  accurately 
estimate the total number of pink salmon spawners in  Southeastern Alaska,  an 
index or relative measure of escapement is obtained annually. Assuming the 
relationship between total  escapements and escapement indices i s  constant ,  
the escapement index can be substituted for total  escapement for in-season 
management and for estimating escapement goals .  

SUCCESS OF THE 1974 FORECAST 

Success  of the 1974 forecast and a comparison with previous forecasts 
are summarized in Table 1 .  In northern Southeastern the observed return of 2 
million was  far less than the point estimate of 9 .3  million and well  outside the 
lower range estimate of 7.4 million. In southern Southeastern the observed 
return of 7.0 million was  slightly above the predicted point estimate of 6 .8  
million but well within the forecast  range. The southern Southea stern foreca s t  
w a s ,  in most respec ts ,  satisfactory whereas the northern forecast  was  high by 
over 7 million. The primary source of error in the northern prediction appears 
to  have been exceptionally poor post-emergent survival. The ratio of return to 
parent year escapement index was about 1:1,  despite the fact  that pre-emergent 
sampling indicated good fry production from the spawning grounds of several  
dis t r ic ts .  The average for that  ratio for pink salmon broods since 1960 is about 
3:1. The Juneau and Sitka seawater temperatures used in the 1974 forecast  did 
not seem to be effective a s  indicators of post-emergent survival of pink salmon 
from northern Southeastern Alaska. A s  a result  of t h i s ,  an alternate method of 
representing post-emergent survival has  been introduced into the 1975 forecast .  

It should be understood that  the basic rela tionship between seawater 
temperature and fry survival assumed in the 1974 forecast may very well be 
indirect or coincidental. Additional review of this  problem i s  anticipated a s  
part of the Southeastern pink salmon research project. 

Distribution of Return 

Forecast of pink salmon returns to  specific dis t r ic ts  or time segments 



Table 1 . Comparison of forecast  and observed pink salmon returns in northern 
and southern Southeastern Alaska,  1967-1974y .  

(Number of salmon in  millions) 

Return Point Range Actual Deviation 
Year Estimate Estimate 2/ Return , from Point 

Southern Southeastern 

Northern Southeastern 

Return actually refers to  return index,  i . e .  return index = catch + escape-  
ment index.  

2/ Range es t imates  prior to  1972 were based on alternative forecast  methods 
and were not intended a s  confidence l imits.  

Return index revised slightly based on final catch s ta t i s t i cs .  

Based on preliminary catch and escapement da t a .  



in Southeastern Alaska i s  complicated by problems in separating mixed ca tches .  
Also, since district  and time segment forecasts are generated by partitioning 
the predicted northern and southern unit returns,  inaccuracy in the unit fore- 
ca s t s  a re  invariably reflected in errors in  the district  and time segment fore- 
ca s t s .  Despite these problems in  analysis  and interpretation, the following 
general evaluation of the distribution of the 19 74 return should be informative . 

In southern Southeastern, early run s t reams,  primarily in the Behm 
Canal ,  were expected to  account for a major share of the return. Middle and 
la te  runs streams were predicted to  be weak or very weak. In fac t ,  returns to 
early run streams built slowly and returns to  dis t r ic ts  3 and 5 , which normally 
arrive in the lat ter  half of the season ,  appeared somewhat earlier and stronger 
than expected.  Runs to  dis t r ic t  2 were weak a s  was forecast .  District  7 runs 
were stronger than foreca s t .  

In northern Southeastern early run streams in dis t r ic ts  10 and 1 1 were 
expected to  contribute about 80% of the fish to  be caught,  however, that does  
not mean that a l l  of the 80% would be caught in those two dis t r ic ts .  Most 
other dis t r ic ts  which produce mainly middle and la te  runs ,  were expected to  
have poor pink salmon returns. The major weakness of the early run w a s  detected 
early in the season .  In fac t ,  the relative strength of the run segments by d is -  
tr ict  and time segment were essent ia l ly  a s  forecast. Poor runs occurred a s  
predicted in Peril Strait ,  Tenakee Inlet ,  Port Frederick, Icy Strait and Sitka 
Sound. 

1974 Escapement 

The observed escapement index for southern Southeastern was 3 . 0  
million, about one-half of the goal.  The southern index was  20% lower than 
the parent year index and a l l  d is t r ic t  escapement indices were lower than the 
parent yea r ,  except the dis t r ic t  2 index. Escapement index goals  for some 
individual streams were met but none of the district  goals  were met (Figure 2 ) .  
Since nearly 4 million pink salmon were caught,  i t  seems apparent that pink 
salmon escapement needs suffered a t  the expense of catches  in the southern 
unit. 

Pink salmon escapements t o  northern Southeastern were not hit a s  hard 
by the fishery a s  might be expected considering the unexpected weakness of 
the return. The return of 2 million fish was only nalf of the escapement index 
goal of 4 million and thus i t  was impossible t o  meet the goal in spite of severe 
restrictions of fishing time and open waters.  Those restrictions held the catch 
to about 1 . 5  million pink salmon. In sum, the down-trend in even-year pink 
salmon escapements since 1968 continued in both northern and southern South- 
eastern Alaska . 



Figure 2. Preliminary 1974 pink salmon escapement indices 
compared to escapement index goals by major 
regulatory districts. Southeastern Alaska. 

/I/ Escapement index goal 

Escapement index 1974 
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1975 PINK SALMON FORECAST 

Methods used in forecasting the 19 7 5 Southeastern pink salmon returns 
are  basically similar to those used in forecasting the 1974 returns in that rela- 
tionships be tween pre-emergent fry a bundance, temperatures and subsequent 
returns were employed. However, some changes were made in the analysis  to 
dea l  with problems peculiar to  the northern and southern segments; specifically: 
(1) very low pre-emergent fry indices in southern Southeastern and (2) 1974 returns 
in northern Southeastern much lower than forecast .  

Pre-emergent Fry Indices 

The standard technique employed to enable forecasting has  been the 
hydraulic sampling of pre-emergent fry in spawning riffles during the la te  winter 
or early spring. Spawning r i f f les  in important streams are excavated in  a manner 
designed to provide reliable year-to-year comparisons of fry abundance 1 year 
prior to their return a s  adul ts .  Sampling is conducted just before fry migration 
to saltwater,  after  freshwater mortality has  occurred. The streams sampled 
comprise an  index group which has  remained relatively constant.  The 1974 
pre-emergent sampling data (eggs and alevins of the 197 3 brood) were used to  
forecast  the 1975 return indices .  A total of 5,420 samples were collected from 
96 Southeastern Alaska streams. 

The fry indices for southern Southeastern were calculated by computing 
the average number of fry observed in  a l l  samples.  This procedure resulted in 
a weighting of the stream fry indices according to sampling effort, which was 
roughly proportional to production potential of streams and dis t r ic ts .  

Pre-emergent data from an additional twelve sample a reas  in seven 
different streams were included for the first time in the southern Southeastern 
forecast .  Collection of this additional data began in 1970. A careful ana lys i s  
indicated that  inclusion of this new information did not al ter  the established 
rela tionship between pre-emergent values and pink salmon returns. The pre- 
dictive power of the relationship was , in  fac t ,  increased slightly by inclusion 
of the new a reas .  The southern Southeastern pre-emergent fry indices are pre- 
sented in Appendix Table 1 . 

In northern Southeastern unweighted fry values and pink salmon returns 
have not been closely correlated. Weighting of the fry values was necessary 
to  predict return indices.  The raw district  fry indices (Appendix Table 2) were 
first adjusted to compensate for annual variation in spawner distribution between 
sample and non-sample streams (Seibel , 1972) . See Appendix Table 3 .  Second , 



a weighting factor was applied to compensate for differences in the total spawn- 
ing riffle area between dis t r ic ts  (Appendix Table 4 ) .  

Forecast of the 197 5 Southern Southeastern Return 

Linear regression ana lys i s  of unweighted pre-emergent fry indices and 
pink salmon returns in southern Southeastern for a l l  years  of study (Appendix 
Table 5) showed that  these factors were closely correlated (R=0 .9 3) . The 
standard deviation from regression was  2 .29 million. From the linear regression 
relationship, returns were estimated for each year  and compared with observed 
returns (Figure 3 ) .  This analysis  indicated the value of the linear regression 
relationship for forecasting returns for southern Southeastern. However, a modi- 
fication of the linear regression technique was needed to  make the 1975 forecast .  
The fry index associated with the 1975 pink salmon return to the southern area 
(57 fry/m2) was  the lowest we  have encountered i n  9 years  of sampling and 
adherence to a str ict  linear relationship would have resulted in a predicted 
return index slightly l e s s  than zero. In fact  there i s  no reason why the fry- 
return relationship has  to be l inear.  The relationship i s  probably curvilinear 
a t  low fry values and should pas s  through or near the origin (zero fry index and 
zero return). Therefore, we projected a l ine from the previous low returns of 
1967 and 1969 through the origin a s  a graphical approximation of a curvilinear 
relationship (Figure 4) .  The lack of return data for such low fry index values  
precluded a more sophisticated ana lys i s .  The resulting point estimate of the 
1975 return was 2.1 million fish.  This would be slightly below the 2.2 million 
return in 1967 which was associated with a fry index of 7 3.4 fry/m2. The upper 
range of the forecast  (4.1 million) was based on the linear regression ana lys i s .  

To evaluate the possible effect of 1974 estuarine conditions on the 1975 
return, a multiple regression of fry index, Ketchikan sea surface temperature 
and pink salmon return was calculated.  The same type of ana lys i s  was  applied 
in  calculating the 1974 southern Southeastern forecast .  That method indicated 
even lower point and upper range estimates for 1975 than the linear regression 
analysis  ba sed only on fry indices .  

Forecast of the 19 7 5 Northern Southeastern Return 

The 1975 northern Southeastern forecast  is based on a multiple regression 
of weighted pre-emergent fry index, a i r  temperature and return. 

The 1975 forecast  methods were developed following a detailed review 
of the 1974 forecast .  The return in 1974 amounted to only about 2 million f i sh ,  
far below the lower range of the forecast  (7.4 million). The multiple regression 
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Figure 4. Forecast of the I 9 7 5  return of pink salmon to Southern Southeastern.- 
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ana lys i s  used in the 1974 prediction, ba sed on weighted pre-emergent fry 
values and seawater temperatures showed these factors to  be closely cor- 
related (R=0 .9 6) . However, when the 1974 return was included in  the 
ana lys i s ,  the strength of the correlation was greatly reduced (R=0.60). It 
appears that  the Juneau and Sitka seawater temperatures used in the 1974 
forecast  were not good indicators of post-emergent survival of pink salmon 
from northern Southeastern Alaska . 

In the 1975 forecast ,  mean a i r  temperature from seven stations through- 
out northern Southeastern for the period April through August was chosen a s  an  
indicator of post-emergent pink salmon survival. Air temperatures were utilized 
in place of seawater temperatures because more a i r  temperature recording s ta -  
t ions were available and they are distributed throughout the northern unit. Air 
temperatures were found to  be closely correlated with sea surface temperatures 
for the ice-free months. 

Analysis of the northern Southeastern pre-emergent ind ices ,  a i r  temp- 
eratures and pink salmon return indices indicated a good prospect for a n  accur- 
a t e  pink salmon forecast  in 1975. A c lose  fit was found between estimated and 
observed pink salmon returns for the period 19 67 through 1974 (Figure 5) . The 
multiple correlation coefficient was 0.84.  Application of multiple regression 
ana lys i s  to  the data (Appendix Table 6) produced a point estimate of the 1975 
pink salmon return of 4.8 million f ish.  Some deviation from that estimate may 
occur,  but i t  i s  unlikely that the return will fall outside of the range of 1 .6  
million to  8 .0 million. 

FORECAST OF 1975 PINK SALMON RETURNS BY DISTRICT AND TIME SEGMENT 

Effective management of pink salmon s tocks requires estimates of 
returns for dis t inct  geographic and time segments. Forecasts for the important 
pink salmon spawning dis t r ic ts  in Southeastern Alaska were obtained by parti- 
tioning the estimated returns to  the northern and southern uni ts ,  based on d is -  
trict pre-emergent and escapement indices .  First the escapement contribution 
of each  district  in the parent year (1973) was calculated a s  a percentage of 
1973 unit escapement index. Each dis t r ic t  escapement fraction was  then 
weighted by the dis t r ic t  pre-emergent index to obtain an  estimate of the rela- 
t ive strength of the return to the dis t r ic ts .  The estimates of relative district  
strengths were applied to the northern or southern unit forecasts t o  determine 
the dis t r ic t  return forecasts .  In th i s  manner both point and range estimates 
were obtained for a l l  major dis t r ic ts  (Table 2 ) .  

Escapement index goals for Southeastern regulatory dis t r ic ts  were 
established in 1972. Forecasts of 1975 pink salmon harvests for each district  
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Table 2 .  District pink salmon return forecas t s ,  escapement index goals  
and estimated allowable harvest ,  Southeastern Alaska , 1975 L/. 

(Number of salmon in millions) 

Forecast Return Allowable Harve s t  
Point Range Escapement Point Upper Range 

District  Estimate Estimate Index Goals Estimate Estimate 

Southern Southeastern 

Totals 2.1 0  - 4 . 1  6 . 0  0  0 . 3  

Northern Southeastern 

Totals 4 . 8  1 . 6  - 8 . 0  4 . 0  1 . 3  4 .0  

_L/ Return actually refers to  return index, i .  e . return index = catch + escapement 
index. 



were calculated by subtracting district  escapement index goals from the d i s -  
trict return estimates described above. It should be understood that  the d i s -  
trict harvest estimates indicate the probable contribution of f ish from each  
dis t r ic t  to various intercepting fishing f leets .  The actual  dis t r ic t  where the 
catch occurs i s  difficult to  predict and i t  may be dis tant  from the district  of 
origin. 

Forecasts of the timing of the pink salmon runs were computed in a 
manner similar to  the forecasting of dis t r ic t  returns. The strength of the major 
time segments i s  included in  the following descriptions of the 1975 northern 
and southern Southeastern predictions. 

Southern Southeastern 

The 1975 predicted return of 2 .1 million pink salmon to  southern South- 
eastern is expected to  be comparable to the extremely weak return of 19 6 7 .  No 
harvesta ble surplus i s  anticipated unless the return exceeds the point estimate 
and fal ls  in the upper end of the forecast  range. In th i s  c a s e ,  Districts 5 and 
7 and especially the la te  run sys tems ,  might produce a harvestable surplus of 
about 300,000 pink salmon. Returns to  early and middle run streams are  expected 
to  be critically weak and no harvest from these runs is expected.  

Northern Southeastern 

Based on the point forecast  of 4.8 million for the 1975 return to northern 
Southeastern, the harvest is expected to  be near 1 . 3  million pink salmon. The 
probable harvest range would be 0 to 4.0 million. A s  in the south,  the early 
and middle run segments are expected to  be weak and nearly a l l  of the harvest 
is expected to  result  from la te  runs on the outside of Chichagof, Baranof and 
Kuiu Is lands.  
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APPENDIX 



Appendix  T a b l e  1 . Number  o f  p i n k  s a l m o n  a l e v i n s ,  s a m p l e  size a n d  u n w e i g h t e d  fry i n d i c e s ,  s o u t h e r n  
S o u t h e a s t e r n ,  1966-1974 .  

1 9 6 6  1 9 6 7  1 9 6 8  1 9  69 1 9 7 0  

A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  
D i s t r i c t  No.  NO.  ~ o / m ~  NO.  N o .  ~ o / m ~  N o .  N o .  No/m2 N o .  N o .  ~ o / m ~  N o .  N o .  ~ o / m ~  

T o t a l s  1 3 , 2 9 0  9 0 5  4 7 , 4 7 3  1 , 3 4 1  3 8 , 6 2 8  2 , 7 1 9  67,11.5  2 , 7 6 9  8 0 , 3 1 9  3 , 2 8 4  

Fry I n d e x  

(Cont inued)  



A p p e n d i x  T a b l e  1 . Number  of p i n k  s a l m o n  a l e v i n s ,  s a m p l e  size a n d  u n w e i g h t e d  fry i n d i c e s ,  s o u t h e r n  
S o u t h e a s t e r n ,  1 9 6  6-1 9 7 4  ( c o n t i n u e d )  . 

1 9 7 1  1 9 7 2  1 9 7 3  1.974 
A l e v i n s  D i q s  I n d e x  A l e v i n s  D i q s  I n d e x  A l e v i n s  D i q s  I n d e x  A l e v i n s  D i g s  I n d e x  

D i s t r i c t  N o .  N o .  ~ o / m ~  N o .  N o .  No/rn2 N o .  N o .  ~ o / r n ~  No. No .  No/m2 

T o t a l s  6 0 , 6 0 9  2 , 3 9 0  7 2 , 1 5 9  2 , 6 9 5  5 3 , 8 2 2  2 , 7 1 0  3 1 , 9 4 5  2 , 8 0 2  

Fry I n d e x  
YJo/rn2 1 2 6 . 8  



A p p e n d i x  T a b l e  2 .  Number  of p i n k  s a l m o n  a l e v i n s ,  s a m p l e  s i z e  a n d  u n w e i g h t e d  fry i n d i c e s ,  nor the rn  
S o u t h e a s t e r n ,  1 9 6 6 - 1 9 7 4 .  

1 9 6 6  - 1 9 6 7  1 9 6 8  1 9 6 9  1 9 7 0  
A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  

D i s t r i c t  N o .  No. No/m2 N o .  No .  ~ o / m ~  N o .  N o .  No/m2 N o .  N o .  ~ o / m '  N o .  No .  ~ o / r n ;  

I 

1 4  5 , 8 1 3  1 2 0  2 4 2 . 2  3 , 9 6 7  1 0 5  1 8 8 . 9  5 , 9 1 7  467 6 3 . 4  7 , 1 5 2  366  9 7 . 7  1 6 , 5 2 5  410 2 0 1 . 5  

T o t a l s  1 5 , 9 6 1  654  5 5 , 3 9 6  1 , 2 4 5  4 0 , 8 5 6  3 , 2 3 5  5 9 , 0 6 4  2 , 5 7 2  6 8 , 1 0 2  3 , 0 2 6  

Fry I n d e x  
~ o / m ~  1 2 2 . 0  2 2 2 . 5  63.1  1 1 4 . 8  1.12.5 



Appendix  T a b l e  2 .  Number  of p i n k  s a l m o n  a l e v i n s ,  s a m p l e  s i z e  a n d  u n w e i g h t e d  fry i n d i c e s ,  nor the rn  
S o u t h e a s t e r n ,  1 966-1974 ( c o n t i n u e d )  . 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  
A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  A l e v i n s  D i g s  I n d e x  

D i s t r i c t  N o .  No .  No/m2 N o .  No .  No/m2 N o .  N o .  No/m2 N o .  N o .  No/rn2 

T o t a l s  6 5 , 5 6 2  1 , 9 5 1  8 4 , 6 3 7  2 , 0 7 6  6 7 , 2 3 7  2 , 0 4 0  4 8 , 2 6 0  1 , 9 2 2  

Fry I n d e x  
No/rn2 1 6 8 . 0  



Appendix Table  3 .  Northern Sou theas t e rn  pre-emergent  fry d e n s i t i e s  a d j u s t e d  for 
t h e  a n n u a l  va r i a t i on  of e s c a p e m e n t  t o  s ample  s t reamsL/ .  

Unweighted 
fry v a l u e  

no/m2 
D i s t r i c t  F 

9 - 
1 0  1 3 8 . 4  
11 6 5 . 2  
1 2  1 2 7 . 3  
1 3  43 .0  
1 4  242 .0  

1965  Brood 

Pe rcen t  
e s c a p e m e n t  
t o  s ample  

s t r e a m s  
P 

3 2 
46 
49 
5 1 
4 1 
70 

1967  Brood 

9 1 0 1 . 3  1 6  
1 0  40 .7  43 
11 33 .4  30 
1 2  5 5 . 8  49 
1 3  7 8 . 8  4 0 
1 4  63 .4  64  

1 9  69 Brood 

1971 Brood 

9 1 5 8 . 6  3 9 
1 0  1 2 6 . 9  35  
1 1  302 .7  70 
1 2  1 9 4 . 1  60 
1 3  1 7 8 . 6  3 8 
1 4  284 .1  78  

1 9 7 3  Brood 

Adjus ted  
fry v a l u e  

no/m2 

- 
1.16.4 

6 4 . 8  
1 2 5 . 1  

43.8 
1 9 3 . 6  

Unwe ighted 
fry v a l u e  

no/rn2 
F 

1 3 6 . 8  
290.7 
1 1 4 . 9  
226 .1  
1 2 4 . 3  
1 8 8 . 9  

1966  Brood 

Pe rcen t  
e s c a p e m e n t  
t o  s a m p l e  

s t r e a m s  
P 

1 4  
44  
54  
45 
44  
42 

Adjusted 
fry v a l u e  

no/m2 

274.6 
2 5 5 . 7  
1 0 3 . 6  
251.7 
1 1 8 . 1  
251 .9  

1 9 6 8  Brood 

1970  Brood 

1972 Brood 

Average pe rcen t  
Total  p e r c e n t  e s c a p e m e n t  t o  

e s c a p e m e n t  t o  s a m p l e  s t r e a m s  - 
sample  s t r e a m s  P 

1 1 1 . 2  252 .5  28 .1  
1 2 6 . 7  3 4 8 . 5  38 .7  

- 22 - (Cont inued)  



Appendix Table 3. Northern Southeastern pre-emergent fry dens i t i es  ad 'us ted  for the i annual variation of escapement to sample streams (continued) . 
1973 Brood 

Percent 
Unweighted escapement 
fry value to sample Adjusted 

no/m2 streams fry value 
District  F P no/m2 

Average percent 
Total percent escapement to 

escapement to  sample streams 
sample streams TS 

Adjusted fry value = (&'PI x F where P = percent of dis t r ic t  escapement index observed - 
in sample s t reams,  P = average P over for the 1965-1973 brood years  and F = unweighted 
dis t r ic t  fry index. 



A p p e n d i x  T a b l e  4 .  Nor thern  S o u t h e a s t e r n  a d j u s t e d  p re -emergen t  d e n s i t i e s  w e i g h t e d  
by e f f e c t i v e  s p a w n i n g  a r e a  v. 

1 9 6 5  Brood 1 9  6  6  Brood 

A d j u s t e d  Ef fec t ive  A d j u s t e d  E f f e c t i v e  
f ry  v a l u e  s p a w n i n g  a r e a  fry v a l u e  s p a w n i n g  a r e a  

no/rn2 i n r n 2 x 1 0 6  no/rn2 i n  m2 x l o 6  
D i s t r i c t  A  B AXB A B  AX 13 

9  - - -- -- 2 7 4 . 6  0 . 8 1 7  2 2 4 . 3  
1 0  1 1 6 . 4  0 . 6 0 7  7 0 . 7  2 5 5 . 7  0 . 6 0 7  1 5 5 . 2  
11 6 4 . 8  0 . 3 9 1  2 5 . 3  1 0 3 . 6  0 . 3 9 1  4 0 . 5  
1 2  1 2 5 . 1  1 . 0 6 8  1 3 3 . 6  251 .7  1 . 0 6 8  2 6 8 . 8  
1 3  4 3 . 8  0 . 9 6 0  4 2 . 0  1 1 8 . 1  0 . 9 6 0  1 1 3 . 4  
1 4  1 9 3 . 6  0 . 9 8 7  1 9 1 . 1  2 5 1 . 9  0 . 9 8 7  2 4 8 . 6  

T o t a l s  4 . 0 1 3  4 6 2 . 7  4 . 8 3  1 0 5 0 . 8  
W e i g h t e d  
fry i n d e x  1 1 5 . 3  2 1 7 . 6  

1 9 6 7  Brood 1 9 6 8  Brood 

9  
1 0  
11 
1 2  
1 3  
1 4  

T o t a l s  
W e i g h t e d  
f ry  i n d e x  

9  
1 0  
11 
1 2  
1 3  
1 4  

T o t a l s  
W e i g h t e d  
fry i n d e x  

1 9 6 9  Brood 1 9 7 0  Brood 

1 9 7 1  Brood ! 9  7  2  Brood 

9  1 1 4 . 3  0 . 8 1 7  9 3 . 4  1.79.2 0 . 8 1 7  1 4 6 . 4  
1 0  1 4 0 . 3  0 . 6 0 7  8 5 . 2  1 8 9 . 1  0 . 6 0 7  1 1 4 . 8  
11 2 1 0 . 6  0 . 3 9 1  8 2 . 3  1 9 6 . 1  0 . 3 9 1  7 6 . 7  
1 2  1 6 2 . 1  1 . 0 6 8  1 7 3 . 1  1 6 9 . 6  1 . 0 6 8  1 8 1  . O  
1 3  1 9 6 . 5  0 . 9 6 0  1.88.6 1 3 2 . 3  0 . 9 6 0  1 2 7 . 0  
1 4  2 0 4 . 0  0 . 9 8 7  2 0 1 . 3  1 1 0 . 6  0 . 9 8 7  1 0 9 . 2  

( C o n t i n u e d )  
- 24  - 



Appendix Table 4 .  IC'wthern S o ~ t h e a  stern adjusted pre-emergent dens i t i es  weighted 
by effective spawning area (continued) . 

1971 Brood 1 9 7 2 Brood 

Adjusted Effective Adjusted Effective 
fry value spawning area fry value spawning area 

no/m2 in m2 x 10 6 no/m2 in  m2 x l o 6  
Dis t r ic t  A B AXB A B AXB 

Totals  
Weighted 
fry index 

1973 Brood 

9 111.2  
10 126.7 
11 73.8 
12 79.0 
1 3  239.4 
14 132.1  

Totals 
Weighted 
fry index 

AX% I/ Weighted fry value = - 
C% 



Appendix Table 5. Linear  r eg re s s ion  a n a l y s i s  t o  determine range and poin t  
e s t ima te s  of t h e  1975 f o r e c a s t ,  southern  ~ o u t h e a s t e r n L / .  

Linear  Regression Analysis  

I n  t h e  fol lowing a n a l y s i s  

X = pre-emergent f r y  dens i ty  expressed i n  f r y  per  square meter .  

Y = subsequent r e t u r n  index of a d u l t  pink salmon expressed i n  m i l l i o n s .  

Data used i n  t h e  southern Southeastern l i n e a r  r eg re s s ion  a n a l y s i s :  

Year o f  Return X Y 

The l i n e a r  r eg re s s ion  equat ion t o  be solved i s :  

The terms a  and b  a r e  ca l cu la t ed  a s  fo l lows:  

EXEY - 
CXY - n 

b  = 
zxL - (EX) 

Where: n  = 8 
- - 
Y ,  X = mean va lue  

1/ The l i n e a r  r eg re s s ion  equat ion ,  c a l c u l a t i o n  of R and Sy.x was done by using - 
a  Hewlett Packard (Model 65) program. The c a l c u l a t i o n  of s tandard  e r r o r  of 
t h e  p r e d i c t i o n  (Sf1975) and confidence i n t e r v a l  were done by fol lowing methods 
descr ibed by Snedecor and Cochran (1973). 



By s o l v i n g  t h e  above,  t h e  p r e d i c t i v e  e q u a t i o n  becomes: 

The 1975 p r e d i c t i o n  (from l i n e a r  r e g r e s s i o n )  i s :  

As exp la ined  i n  t h e  text, t h e  1975 l i n e a r  r e g r e s s i o n  f o r e c a s t  was r e j e c t e d  i n  
f a v o r  of t h e  fo l lowing  a n a l y s i s  t o  approximate  a c u r v i l i n e a r  r e l a t i o n s h i p :  

Where : 

Standard  D e v i a t i o n  from Regress ion  Sy.x 

Where : 

n = 8  

C o r r e l a t i o n  C o e f f i c i e n t  r 

1 cxcy2 



Standard E r r o r  of P r e d i c t i o n  Sp 

- 
Where: x = X 

1975 
- X 

P r e d i c t i o n  i n t e r v a l  a t  80 p e r c e n t  conf idence :  

Where: t ( 5 d . f )  = 1 .44  



Appendix Table 6 .  Mul t ip l e  r eg re s s ion  a n a l y s i s  t o  determine po in t  and range 
e s t ima te  f o r  1975 f o r e c a s t ,  no r the rn  ~ o u t h e a s t e r n l / .  

Mul t ip le  Linear  Regression 

I n  t h e  fol lowing a n a l y s i s :  

X = weighted pre-emergent f r y  d e n s i t y  expressed i n  f r y  per  square  meter 
1 

X2 = average A p r i l  t o  August a i r  temperature (OC) from t h e  Angoon, Cape 
Spencer, Five F ingers ,  Glac ie r  Bay, Juneau, L i t t l e  Po r t  Walter ,  
Pe te rsburg  and S i t k a  weather s t a t i o n s  

Y = subsequent r e t u r n  index of a d u l t  pink salmon expressed i n  m i l l i o n s  

Data used i n  t h e  no r the rn  Southeastern m u l t i p l e  l i n e a r  r eg re s s ion  a n a l y s i s :  

Year of Return X1 X2 Y 

The m u l t i p l e  l i n e a r  r e g r e s s i o n  equat ion  t o  be  solved i s :  

Y = a  + blXl + b2X2 

1/ The m u l t i p l e  l i n e a r  r eg re s s ion  was solved us ing  a  Hewlett-Packard (Model 65) - 
program. Calcula t ion  of Sy.x, S9, R and p r e d i c t i o n  i n t e r v a l  were done by 
fol lowing methods of Snedecor and Cochran (1973). 



The terms a, bl, and b2 were determined using a Hewlett-Packard multiple 

regression program as follows: 

A - B  

b2 = I~Ex:-(Ex~)~I {~cx:-(CX~)~I - InCxIX2 - (LXI)(Cx2)I2 

where n = 8 

A = {~CX: -   EX^) I I nCx2Y- (CX2) (CY) I 

I 
a = - (CP-b2 1x2-blCX1) 

n 

By solving the above, the prediction equation becomes: 

The 1975 prediction is: 

Y1975 
= -57.380 + { (0.0607) (132.8) + (5.757) (9.4) ) 

Y1975 
= 4.6 million 



S t a n d a r d  d e v i n t i c ~ r ,  from l - e p r p s s i o n  S l ; .  x : 

i%!hern: >: x g = CX Y - (XI:~ ) (El') 
1 1 - .- . -- - 

n 

Z y 2  = total sum of squaTcs = E Y 2  - (CY) 
11 

C o r r e l a t i o n  c o e f f i c i e n t  R -- - - -- - -- -- .- -- - - 



Standard error of t h e  p r e d F c t j . o n  So 

- -- - 

and X a r e  yr.an valqL;es 
1 2 



p- - - .  - I. L c l i  c t i o n  i l ; terval  at 80 ~ ~ r c e n  t conf i d c n c e  
--- ---- -L- 

1,'here: t (Tjd. f. ) = I-. 476 

Y 2- t SO 

Y 1975 5 3 .2  = 4. 6 ?- 3 .2  
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The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
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